In May 2008 the fourth conference of "Tumor immunology meets oncology" was held at the University Hospital of the Martin Luther University Halle-Wittenberg in Halle organized by the Institute of Medical Immunology (director Barbara Seliger) together with Hans-Joachim Schmoll the director of the Department of Internal Medicine IV. The program of this conference focused on the mechanisms used by tumor cells to escape from immune eVectors and/or suppress immune responses and on diVerent immunotherapeutic approaches developed to circumvent immune escape ranging from the identiWcation of novel target structures to the usage of mesenchymal stem cells (MSC) as a novel therapeutic modality.
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Tumor cells can evade recognition from immune cells by various strategies like secretion of immune suppressive cytokines and mediators, expression of FAS ligand, lack of costimulatory molecules as well as abnormalities of MHC class I surface expression, which could lead to an impaired immune response, suppression of immune eVector cells, defective tumor cell recognition and Wnally to tumor cell resistance to cell death. The Wrst talk by Barbara Seliger focused on the molecular mechanisms of MHC class I deWciencies in diVerent tumor histotypes. Both patients' biopsies and tumor-derived cell lines presented a high frequency of downregulation or loss of MHC class I surface expression that correlates with a diminished T cell response, disease progression as well as reduced patients' survival [2] . These MHC class I abnormalities were mainly associated with a dysregulated expression of one or more components of the MHC class I antigen processing machinery (APM) rather than with structural alterations. B. Seliger demonstrated that these dysregulations could occur at the epigenetic, transcriptional and/or posttranscriptional level mainly aVecting the transporter associated with antigen processing (TAP) subunits, tapasin, the MHC class I heavy chain and 2 -microglobulin ( 2 -m) as well as interferon (IFN)-responsive genes/proteins. So far, there exists no information concerning a hierarchy of such molecular events, but based on the current knowledge they appear to be tissue/tumor speciWc.
Recently, research has also focused on the role of some cytosolic as well as the endoplasmic reticulum (ER)-resident aminopeptidases (ERAP)1 and ERAP2 in shaping MHC class I surface antigen expression and consequently the immune response due to their altered expression pattern in tumor cells. Jens Wulfänger (Institute for Medical Immunology, Martin-Luther-University, Halle-Wittenberg, Germany) expanded the repertoire of enzymes involved in regulation of HLA expression levels to the membrane-associated aminopeptidase N (APN/CD13), an enzyme with zinc-dependent ectopeptidase activity, which has been shown to inXuence the MHC class II antigen presentation [5] . Using wild type (wt)-APN and enzymatically defective mutant (mu)-APN transfectants APN activity decreased cell growth and migration of HEK293 cells in vitro, which was associated with a diminished CXCR4 transcription and protein expression [25] .
Based on a recent report in HeLa cells suggesting that activation of CXCR4 reduces HLA class I cell surface expression [26] due to an increased ubiquitination of these molecules, one might speculate that wt-APN-mediated CXCR4 suppression should contrast this phenomenon. Indeed, wt-APN overexpression into MHC/APN-negative/ low HT29 colorectal cancer cells caused induction of HLA class I surface antigen expression, which was accompanied by an increased protein expression of various MHC class I APM components, e.g. HLA class I heavy chain, TAP1, TAP2, 2 -m, the low molecular weight proteins (LMP)2 and LMP7. Immunoprecipitation experiments demonstrated a physical association between APN and HLA class I molecules. Thus, APN can be involved in abrogation of cell proliferation/migration and induction and/or stabilization of HLA class I surface expression.
The importance of HLA antigens for tumor development was underlined by the talk of Giuseppe Masucci (Karolinska University Hospital, Stockholm, Sweden), who correlated the mortality rate of ovarian [6] and prostate cancer as well as melanoma patients with a high frequency of HLA-A2 allele expression in the Swedish population (>50%). By statistical analysis the common ancestral haplotype 62.1 (A2, B15, Cw3, DRB1*04) was identiWed in the Swedish population as unfavourable for ovarian and melanoma patients leading to an accelerated progression of disease and/or reduced patients' survival. These data suggested that this haplotype is associated with high immune response and is able to control a minimal residual disease by increasing the risk for selection of malignant clones. In addition G. Masucci and co-workers extended the work of B. Seliger and S. Ferrone on MHC class I APM abnormalities to ovarian carcinoma. Immunohistochemical analysis demonstrated a frequent loss or downregulation in MHC class I APM component expression in particular in ovarian carcinoma patients with the haplotype 62.1, which might at least partially be caused by chromosomal alterations or loss of heterozygosity [16] . Moreover, tumors with HLA class I abnormalities exhibit a reduced lymphocyte inWltration and a lack of p21/waf-1 expression.
Beside the relevance of HLA class I abnormalities for immune escape, the tumor can also suppress existing or developing immune responses either by inducing suppressive cells, like regulatory T cells (T reg ) and myeloid-derived suppressor cells (MDSC), or by the development of an immune suppressive microenviroment. Rolf Kiessling (Cancer Centre, Karolinska Intstitute, Stockholm, Sweden) presented data correlating immune suppression with tumorinduced oxidative stress. In cancer patients indicators for oxidative stress include increased lipid peroxidation, increased DNA damage in lymphocytes, decreased levels of antioxidants in blood plasma and high numbers of cells producing reactive oxygen and nitrogen species (ROS and RNS) either at the tumor site or in peripheral blood. Inducible NO synthase (iNOS) and COX-2 expression levels were elevated in stage III melanoma patients with a shortterm survival when compared to patients with long-term survival suggesting that iNOS and COX-2 represent adverse prognostic factors (C. Johansson, in preparation). This concept is supported by a distinct H 2 O 2 sensitivity of diVerent eVector cell subsets. Among CD8 + antigen-speciWc T cells the eVector memory subpopulation was the most sensitive to H 2 O 2 -induced cell death [10, 22] . Similarly, concerning natural killer (NK) cells, the cytotoxic CD56dim NK cells are more sensitive to H 2 O 2 than CD56bright NK cells, whose lysates have a higher anti-oxidant capacity. Based on these results, new immunotherapeutic approaches were developed employing anti-oxidants to antagonise the oxidative stress in cancer patients. These include vitamin E, which enhances Th-1 responses and NK cell activity in patients with colorectal carcinoma [1, 7, 11] and histamine dihydrochloride in combination with IL-2 synergistically, which improves the leukemia-free survival in patients with acute myeloid leukaemia (AML) [4] . Based on these studies antigen-speciWc cytotoxic T lymphocytes (CTL) were engineered with the recombinant human catalase gene to enhance their tolerance against oxidative stress. CMV-speciWc catalase expressing T cells increased the survival and retention of IFN-secretion upon in vitro antigenspeciWc stimulation in the presence of H 2 O 2 . Thus, catalase expressing T cells might have the capability to overcome oxidative stress in cancer patients thereby improving the outcome of immunotherapy.
In addition to the tumor-induced immune suppression Vincenzo Bronte (University of Padua, Italy) summarised in the key note lecture the latest data regarding the development, phenotype and activity of MDSC. This previously very heterogeneous cell population derives from a common myeloid progenitor that is expanded during tumor development due to an altered myelopoiesis mediated by tumorderived soluble factors, like GM-CSF. Phenotypically, MDSC were initially characterised by the expression of the markers Gr1 and CD11b, but puriWcation through these molecules from mice bearing diVerent tumor types results in very diVerent populations based both on expression of other markers and on degree of immunosuppressive activity. By dissecting the Gr1 + population, it was found that the suppressive population segregate with the Gr1 intermediate expression. Moreover, experiments with knock out mice indicated a correlation of the suppressing activity with the expression of CD124, the IL-4R a common chain for IL-4 and IL-13 providing responsiveness to IL-13. Indeed, MDSC require for their activation the presence of IFNand IL-13, which are then produced in an autocrine loop. Upon stimulation with these cytokines, two enzymes involved in the L-arginine metabolism, namely arginase 1 (arg1) and/or iNOS2 are induced, which is accompanied by a depletion of the amino acid and production of catabolites thereby resulting in an impaired T cell proliferation. The relevant role of this escape mechanism for tumor development and immunotherapy failure derive from both in vitro and in vivo studies, in which the Gr1 + CD11b + population is physically depleted or inactivated for example by usage of phosphodiesterase-5 inhibitors. Upon such in vivo treatments it is possible to induce an immune response.
Ena Wang (Infectious Disease and Immunogenetics Section, NIH, Bethesda, USA) molecularly analysed an unique patient model demonstrating that metastatic melanoma is a clonal disease with stem cell persistence [23] . The molecular make up of cell lines generated from metastases of the same melanoma patient occurring at diVerent time points during melanoma recurrence was investigated using microarray-based comparative genomic hybridisation (CGH), mutational analysis of the -catenin gene and the human androgen receptor inactivation assay for clonality. These assays highlighted the presence of a consistent core of common genetic traits together with divergent phenotypes suggesting that all metastases were derived from the same primary founder cell clone. However the non-cumulative diVerences indicate that each cell line was not derived from the most recent previous one in a sequential manner, but followed individual evolutionary pathways throughout the patient's history. These data support the hypothesis of the existence of a common progenitor tumor stem cell giving rise to a genetically unstable progeny that maintains a conserved core of genetic imbalances while adding new, independent ones. More detailed transcriptional and CGH analyses demonstrated a divergent pigmentation pattern, progressive loss of melanoma diVerentiation antigens, copy number changes and loss of chromosome 9p as well as HLA class I abnormalities and loss of a series of genes associated with IFN function that might have allowed tumor escape from immune recognition in the later stages. Genetic, transcriptional, post-transcriptional and epigenetic patterns individually inXuenced the development of this patient's tumor and the individuality was maintained through the end stages of disease. In this context it is noteworthy that genomic imbalances detectable by CGH only contribute in 25% to the transcriptional modulation determining the autologous tumor singularity.
It is well accepted that T cell-based immunotherapies are less eYcient than initially expected. These disappointing results are likely to be caused, at least in part, by the evasion of tumor cells from immune recognition. In order to improve the eYcacy of immunotherapies, a general strategy to counteract the diverse immune escape mechanisms utilized by tumor cells has to be developed. The human high molecular weight-melanoma associated antigen (HMW-MAA) was chosen by Soldano Ferrone (Cancer Institute, University of Pittsburgh, USA) (1) since it is recognized by antibodies and CTL to mount both humoral and cellular immune responses and (2) since it is expressed by cancer stem cells known to be required for tumor growth. HMW-MAA is expressed at a high density on the cell surface of melanoma (85%), glioma (70%), chondrosarcoma (50%) cells and on acute lymphoblastic leukemia (55%) cells, but has a restricted distribution in normal tissues. This antigen is highly conserved through phylogenetic evolution. Using the mouse anti-idiotypic mAb MK2-23 for the treatment of melanoma patients, all immunized patients developed a high titer of anti-mouse Ig antibodies and 60% of them produced HMW-MAA-speciWc antibodies with low titers and aYnity [24] . Interestingly, the patients who developed a HMW-MAA-speciWc humoral immune response had an improved survival rate.
In a variety of mouse models engrafted with diVerent human tumors S. Ferrone and colleagues employed diVerent HMW-MAA-speciWc vaccination strategies including the HMW-MAA-speciWc mAb 763.74, HMW-MAA-transfected dendritic cells (DC) and HMW-MAA-recombinant Listeria monocytogenes in order to generate potent humoral as well as cellular-mediated cytotoxic immune responses, which led to tumor regression and increased survival rates of tumor-engrafted mice [9, 23] . Bases on recent data, S. Ferrone stressed the idea that HMW-MAA might be involved in promoting the migration of melanoma cells, which could be blocked by a mixed panel of HMW-MAAspeciWc mAb. Moreover, Xow cytometric analyses of diVerent breast carcinoma cell lines using a combination of HMW-MAA-speciWc mAbs together with stem cell-speciWc marker molecules like CD44, CD24 and aldehyde dehydrogenase indicates that HMW-MAA is expressed on breast carcinoma stem cells. These Wndings are compatible with the possibility that HMW-MAA may be useful to target breast cancer stem cells with humoral and cellular HMW-MAA-speciWc immunotherapy.
To further evaluate how cancer stem cells can evade immune responses, Olivia Doering (Institute of Medical Immunology, Martin-Luther-University, Halle-Wittenberg, Germany) analysed the expression of immune-related molecules on embryonic cancer cells (ECC). During diVerentiation ECC change the expression of regulatory surface proteins, like B7-H1, paralleling the development of cisplatin resistance and loss of expression of embryonic transcription factors [12] . These results lead to the hypothesis that tumor stem cells bear a speciWc immunophenotype, which also could represent targets for new therapeutic approaches [3] .
Shifting from tumor stem cells to the adult non-malignant mesenchymal stem cells (MSC) Lutz P. Mueller (Department of Medicine IV, Martin Luther University, Halle-Wittemberg, Germany) presented an overview on their possible usage as carriers for anti-tumor activity. The basis for this approach is the observation that non-malignant bone-marrow-derived cells like MSC can actively integrate into tumors in vivo [14, 21] and thus upon genetic modiWcation can be used for a local therapy. Indeed, transgenic expression of apoptosis-inducing ligands allows MSC to suppress tumor growth in vitro and in vivo [1] . As MSC show a relative resistance to chemotherapy [13] the use of autologous MSC seems feasible for clinical trials. However, depending on the model, the extent of tumor integration of systemically applied transgenic MSC is low and appears to represent the main obstacle for a future clinical use. Methods to enhance directed migration of MSC have recently been described [20] .
While the existence of multipotent stem cells like MSC has been demonstrated in the adult organism, recent data support the hypothesis that also pluripotent stem cells exist in the adult organism. The group of Machalinski and coworkers were able to identify these so-called very small embryonic-like (VSEL) stem cells in various tissues including cord blood and peripheral blood [8, 18] . VSEL stem cells not only show a pluripotent diVerentiation potential, but also a typical embryonic phenotype characterized by the diVerentiation-dependent expression of speciWc surface markers and transcription factors, like Oct-3/4, Nanog, Rex-1 and Rif1 [19] . Based on these features VSEL stem cells may represent a target for malignant transformation in the adult organism.
Permanent cure of AML by chemotherapy alone remains elusive for most patients because of the inability to eVectively eradicate leukemic stem cells (LSCs), the self-renewing component of the leukemia. To develop therapies that eVectively target LSC, one potential strategy is to identify cell surface markers that can distinguish LSC from normal hematopoietic stem cells. CD96, also known as Tactile Further studies reveal that slanDCs are able to exhibit direct antitumor eVects. Thus, they mediate tumor-directed antibody-dependent cellular cytotoxicity, which is critically dependent on the engagement of the Fc-receptors CD16 and CD32. In addition, IFN--activated slanDCs can eYciently lyse diVerent tumor cell lines in the absence of antibodies. When focusing on the interaction between slanDCs and NK cells, recent results indicate that slanDCs profoundly enhance the IFN-secretion and tumor-directed cytotoxicity of NK cells, which are critically dependent on IL-12. Reciprocally, NK cells eYciently promote DC maturation and strongly augment IL-12 secretion by slanDCs. IFN-released by NK cells contribute to this eVect. These results provide evidence that slanDCs may play a pivotal role in triggering innate and adaptive antitumor immunity and may represent attractive candidates for immunotherapy of tumors.
Another concept to enhance immune response was introduced by Hinrich Abken (University of Cologne, Germany) who shifted the attention to T cells for tumor immunotherapy and gave a summary on the use of chimeric T cell receptors (TCR) consisting of an intracellular domain of the signal transducing CD3 chain fused to a single chain antibody fragment (scFv) directed against diVerent antigens. ModiWed T cells expressing these receptors attack their target cells, but the position of the binding epitope is important for the activation capacity. Interestingly, an increased binding aYnity of the scFv does not necessarily aVect the receptor-mediated activation.
To investigate the inXuence of costimulatory signals on chimeric TCR, the intracellular domain of CD28 was added. Using the CD3 -CD28 receptor he could show that the aYnity-dependent threshold quality in T cell activation was not altered by the costimulatory domain, whereas the T cell activation was increased as determined by higher IFNand IL-2 levels and a decreased viability of target cells. Moreover, the CD3 -CD28 receptor signalling is resistant to the TGF--mediated suppression also resulting in killing of TGF-secreting tumor cells. For this eVect the lck binding site within the CD28 domain was important as demonstrated by mutation experiments.
EVector T cells are controlled and repressed by Treg through an IL-2-dependent mechanism. Therefore, T cells were transfected with a recombinant immunoreceptor that drives CD28 costimulation with reduced IL-2 induction. Upon antigen-induced activation these cells produce less IL-2 and obtain a resistance against repression by Tregs, whereas the IFN-secretion capacity to control tumor growth was aVected. This improved knowledge will now be used in a multi-center phase I trial of CD30 + cutaneous T cell lymphoma. T cells from these patients will be modiWed by viral transfections of the chimeric TCR expanded and then reinfused in vivo to evaluate the inXuence on tumor growth.
An additional strategy of passive adoptive immunotherapy consists in the injection of mAbs. In his talk Matthias Peipp (Christian-Albrechts-University, Division of Stem Cell Transplantation and Immunotherapy, Kiel, Germany) gave an interesting overview of the evolution and optimisation of antibodies for such an aim. In the early phase of clinical implementation murine antibodies have been used, whereas in the last decade chimerized and Wnally fully human antibodies have been developed. These antibodies, mainly of the IgG subtype, are currently employed in various clinical trials.
However, for the development of eVective antibodies their mechanism of activity had to be taken in to account, which could be mediated by cross linking and neutralizing soluble factors via Fab-associated direct eVector mechanisms, Fc-mediated indirect eVector mechanisms (ADCC) and pharmacokinetics. In ADCC the aYnities of diVerent IgG subclasses for their speciWc activating versus inhibiting Fc receptors are of enormous relevance, thus making their manipulation an important aim of antibody engineering. As an example Peipp showed some data using a Fc-engineered CD19 antibody, which represents an ideal target antigen on malignant B cells due to its long-lasting expression during B cell development. Interestingly, the non-engineered mouse CD19 antibody did not eYciently induce ADCC of lymphoma cells. In contrast, after humanisation and modiWcation of two amino acids in the Fc part, the modiWed antibody (Xmab-CD19; Xencor Inc., Monrovia, CA, USA) exhibits an increased lysis of target cells, even in comparison to Rituximab, an antibody directed against CD20 that is currently used in non-Hodgkin lymphoma therapy. Furthermore diVerent leukemic and lymphatic tumor cells are more eYciently lysed by the modiWed CD19 antibody via ADCC.
In addition to the protein-engineering, glyco-engineering comes into the focus of research. It is known that glycosylation of IgG-Fc is essential for recognition and activation via Fc receptors. In his talk M. Peipp provided data about the functional comparison between the wt glycosylated form and a 30 % reduced fucose residues form of an antibody targeting the epidermal growth factor receptor. The "low fucose" antibody exhibited a more eVective mononuclear cell (MNC)-mediated killing compared to the wt antibody. In contrast the lytic eYcacy of the "low fucose" variant diminished in polymorphonuclear (PMN) leukocyte-mediated killing revealing that diVerent eVector cells showed variable responses to antibody modiWcations [17] . In addition, a comparative analysis of the activity of protein-and glyco-engineered antibodies directed against CD20 demonstrated that both improvements resulted in an eYcient ADCC enhancement of modiWed versus wt mAb, whereas double engineered (protein and glyco) antibodies exhibit no synergistic eVects on ADCC induction. Thus, Peipp concluded that engineered antibodies can potentially enhance NK cell-mediated lysis, although controlled clinical trials with these antibodies still have to demonstrate their superior activity.
During the meeting many clinical trials or preclinical testing of peptide vaccination have been presented. Shifting to the clinical setting, diVerent approaches have been proposed belonging to passive and active immunotherapy. An example of combinatorial therapy in which antigen immunization is associated with T reg depletion was reported by Licia Rivoltini (Istituto Nazionale dei Tumori, Milan, Italy). She summarized data obtained in an ongoing twoarmed phase II trial of high risk melanoma patients. HLA-A*0201 patients were subcutaneously immunised with four modiWed peptides derived from MelanA/Mart-1, Gp100 , NY-ESO and Survivin, emulsiWed in Montanide, and administered in combination with low dose of cyclophosphamide and IL-2. The peripheral blood leukocytes of these patients were monitored over a period of 36 months for immune response by IFN-ELISPOT analysis, HLA tetramer staining and T reg analysis. At May 2008, 43 patients were enrolled, 22 in the control arm and 21 in the vaccination arm. Surprisingly, the frequency of CD4 + CD25 + Foxp3 + T reg cells, that in these early patients is comparable to that of healthy donors, does not chance during vaccine treatment, suggesting that the used schedule of cyclophosphamide (300 mg/sqm/every 2 weeks, for three times) is unable to aVect the number of peripheral T regs . In contrast, the administration of IL-2 is more critical leading to a transient expansion of CD4 + CD25 + Foxp3 + T reg cells, that however secrete IFN-and not TGF and may thus represent eVector rather than suppressive T cells. At opposite to T reg , MDSC (CD14 + HLA-DRneg/low) were already increased in peripheral blood of early melanoma patients, and they were not aVected by cyclophosphamide administration. However, the vaccine strategy employed increased the frequency and the activation state of peptide/melanoma-speciWc T cells in 60-90% of vaccinated patients (depending on the peptide) in peripheral blood and in vaccine-draining lymph nodes. It is noteworthy that with the exception of MART-1 modiWed peptides exhibit a reduced eYcacy to induce T cells able to cross-react with the naturally processed peptide expressed by melanoma cells.
In line with the problem of inducing an immune response in the presence of an established tumor with all its possible escape mechanisms, Pier-Luigi Lollini (University of Bologna, Italy) focussed his talk on tumor immunoprevention and therapy against metastasis development, both settings without extensive immunosuppressive conditions. As a system the BalbNeuT mouse model was chosen in which the rat HER-2/neu oncogene is expressed under the Mouse Mammary Tumor Virus (MMTV) promoter leading to the development of carcinomas in all ten mammary glands within 5 months of life.
Chronic vaccination of female BalbNeuT mice with a "triplex" vaccine, consisting of an allogeneic NeuT transgenic cell line derived secreting IL12p70, results in complete prevention of tumor development mainly through antibody responses against HER-2/neu that mediated complement-induced or cell-mediated cytotoxicity against tumor cells, but can also act as receptor antagonists inhibiting signal transduction and inducing receptor recycling. Moreover, IFN-induced by the vaccine-secreted IL-12 inhibits mammary gland growth and impairs neoangiogenesis necessary for tumor development. The triplex vaccine demonstrated its eYcacy not only in the cell-based form, but also as a DNA vaccine consisting of plasmids encoding the allogeneic H-2-Dq molecule, the HER-2/neu antigen and the IL12p70 heterodimer. Despite similar protection, diVerent levels of IgG subclasses were found in the serum and only IFN-, but not IL-4 is produced upon in vitro restimulation using the DNA-based vaccine. The potency of the triplex vaccine was also retained in an immunotherapy protocol against metastasis. Combination of the triplex vaccine with the depletion of T reg further improved the therapy eYcacy, thus conWrming the possibility to induce an immune response in tumor bearing host and correlating its eYcacy with immunosuppressive conditions [15] .
In order to mimic a more clinical-like situation, the triplex vaccine was administrated to BALBp53Neu mice that in addition to the HER-2/neu oncogene carry one copy of the p53 oncosuppressor gene. Whereas in control mice the tumor development was associated with the loss of the second copy of the p53 gene, vaccination with the triplex vaccine prevented the oncogene-driven tumor expansion thereby limiting the accumulation of other mutations, like p53 loss.
The success of such a vaccine, might be due to the "oncoantigen" phenotype of the HER-2/neu molecule, i.e. its antigenic nature together with the "addiction" of the tumor to its expression for development. However, it is noteworthy to underline that in the group of Guido Forni, the development of mammary tumor in BalbNeuT mice was prevented by a vaccine targeting not the HER-2/neu antigen.
Searching for tumor antigens with low possibility of immune selection, Per thor Straten (Center for Cancer Immune Therapy (CCIT), University Hospital, Herlev, Denmark) employed proteins involved in apoptosis regulation (survivin, Bcl-2, Bcl-XL), in drug resistance (TRAG-3) as well as in metastasis (RhoC). Survivin belongs to the inhibitors of apoptosis (IAP) gene family and is abundantly and ubiquitously present during development, whereas in normal adult tissues it is undetectable, but prominently re-expressed in virtually every human cancer. Molecular proWling demonstrated that survivin overexpression is consistently associated with advanced disease, high grade, reduced patient survival, resistance to therapy, and accelerated recurrences, thus deWning survivin as a prognostic and predictive marker. Moreover, survivin may serve as potential target for immune-mediated tumor destruction in cancer patients since its down-regulation would severely inXict the survival capacity of tumor cells and abrogate immune selection. In addition to survivin other regulators of apoptosis, such as Bcl-2 or Bcl-XL, were scanned by thor Straten's group for potential HLA-binding peptides, and consecutively analysed in T cell assays (ELISPOT, tetramer) for spontaneous reactivity in patients' blood samples. The ex vivo lytic capacity of peptide-speciWc T cells as well as their TCR repertoire was explored in cytotoxicity assays or by TCR clonotype mapping, respectively and compared to that of established antigens in melanoma, such as MART-1 and gp100. CTL with a high aYnity to the MART-1 peptide paired with the lowest capacity to kill melanoma cells. This discrepancy could be explained by the low abundancy of MART-1 peptides on the surface of melanoma cell lines, and represents only one example of the diYculties in monitoring an immunological anti-tumor response.
Since induced biological responses are of quite low frequency, thor Straten suggested a combination of several diVerent methods for monitoring immune reactivity against tumor cells. With ML-IAP (melanoma inhibitor of apoptosis protein) as candidate tumor antigen, a CTL response was not only detected in cancer patients, but also in approximately 10% of healthy donors. Search for sequence homology revealed similarities of ML-IAP with SS-56, a known cellular target of autoantibody response in patients with systemic Lupus erythematosus and Sjoegren's syndrome causing a cross-reactivity of T cells speciWc for SS-56 with ML-IAP thereby pointing to the risk of autoimmunity induction after vaccination of patients with tumor antigens. Otherwise, tolerance mechanisms could prevent a strong anti-tumor response after vaccination for tumor antigens as "self" proteins. In the last part of his talk, P-T. Straten addressed the suppressive molecule indoleamine 2,3-dioxygenase (IDO) as immunological target. IDO is not only expressed by APC creating a tolerogenic microenvironment, but also in the tumor itself. Indeed, IDO-derived peptides are recognized by host CD8 + T cells, which are able to kill tumor cell targets as well as mature DC. Thus, approaches targeting IDO-expressing cells by immunotherapy could lead to synergistic eVects by killing not only tumor cells, but also cells responsible for induction of immune suppression.
Gustav Gaudernack (Rikshospitalet Montebello, Oslo, Norway) employed telomerase reverse transcriptase (hTERT) as target antigen due to its universal expression in human cancer cells and its critical functional role in tumor growth and development. GV1001 (hTERT611-626) is a promiscuous HLA class II epitope that can thus be used as a general cancer vaccine without needing HLA typing of the patient. A phase I/II study with 38 patients with non-resectable pancreatic cancer was conducted to investigate the safety, tolerability, and immunogenicity of intradermal vaccination with the telomerase peptide GV1001 at three dose levels in combination with granulocyte-macrophage colony-stimulating factor (GM-CSF). Monthly booster vaccinations were given as follow-up treatment. Beside the well toleration of GV1001, immune responses, detected as delayed-type hypersensitivity skin reaction and in vitro T cell proliferation, were observed in 24 of 38 patients.
In line with the idea that for eVective immunotherapy an "oncoantigen" should be used as target, Carmen Scheibenbogen (Charité, Berlin, Germany) focused her attention on the transcription factor PAX2 that is normally expressed in the embryo during kidney and eye development, but is also expressed in tumors of diVerent histotypes and is involved in the regulation of the Wilm's tumor (WT1) antigen, a known tumor-associated antigen with a good correlation between speciWcity of expression and essentiality in function. Using diVerent prediction algorithms to take into account HLA-binding motifs and proteasome cleavage preferences, possible PAX2 epitopes were synthesised and used to stimulate peripheral blood mononuclear cells (PBMC) from healthy volunteers and tumor-bearing patients. Only PBMC from the latter responded to PAX2 peptides with production of IFN-or TNF-, thus indicating the tumor-restricted expression of the antigen and its applicability for tumor therapy. By cytotoxic experiments of cold target inhibition using T2 cells pulsed with the diVerent peptides, one of the predicted eptiope, namely PAX2 337-345, appeared to be not only a CTL epitope, but also a natural HLA ligand.
Exactly on the concept of natural HLA ligands the strategy presented by Stefan Stevanovic (University of Tübingen, Institute of Immunology, Tübingen, Germany) is based. In contrast to the so-called CTL epitopes that are identiWed by their ability to induce cell lysis upon pulsing of professional antigen presenting cells the natural ligands are peptides processed by the tumor cells and presented on the cell surface. In the therapeutic approach biopsies from tumors and normal tissues of renal cell carcinoma (RCC) patients are "stripped" of their natural HLA ligands, that are then analysed by mass spectrometry for identiWcation and evaluated for possible usage in a peptide-based vaccine upon comparison of expression among normal and tumor tissue. Preliminary results in one RCC patient vaccinated with a cocktail of 3 HLA class I ligands together with 3 HLA class II ligand-epitopes identiWed in this way provide promising results since the patient is still tumor free. Initial comparison among the natural HLA ligands obtained from diVerent RCC patients revealed only a few common peptides, thus suggesting a high level of individuality, even if the limitation in the techniques that allows the identiWcation of 10% of the total stripped peptides can also be one reason for this low level of overlap.
Taken together, the intersectional work between the avenues of stem cell biology, oncology and tumor immunology promises not only a detour-free access to an understanding of the biology of tumors, but will also pave yet narrow paths for clinical applications.
